ABSTRACT: This article reviews the available literature on medical elementology in relation to epidemiology and also discusses its research potentialities for development.
1. Elemental composition of human body in healthy subjects.
2. Changes in elemental composition in different diseases.
3. Determination of elements in simple and compound drugs. 4 . Changes in body elements through the use of these drugs during disease states.
The details have been discussed in our earlier publications (42, 106, 107) .
Links between Elements and Infection
Several environmental factors affect man in health and disease. Among these, nutrition is the single most important factor influencing human health. It interacts with other environmental factors, most important of which is infection.
It is well known that malnutrition and infection promote each other. Malnutrition increases susceptibility to infection and the latter adversely affects nutritional status. Host defence mechanisms (e.g. immunological activity and phagocytic activity) form a prominent link between the two (80, 97) . Metabolic effects of infectious illness (particularly in acute disease) involve virtually every biochemical pathway studies. It upsets homeostasis of many elements either by the disease process per se or by the therapy adopted (12, 74) . The links between 37 elements (Ag, Al, As. Au, Ba, Be, Bi, Br, Ca, Cd, Cl, Co, Cr, Cs, Cu, Ge, Fe, H, Hg, I, K, Mg, Mn, N, Na, Ni, O, P, Pb, S, Sb, Se, Si, Sn, Sr, Tc, and Zn) and infection are brought out in the following discussion:-
Aluminum (Al)
It is an important constituent of KUSHTA ABRAK (Calx Mica) which is used in Unani (Greco-Arab) medicine for the treatment of cough, asthma and tuberculosis (106) . Tri and penta -valent Sb compounds find an important place in the treatment of protozoal infections schistosomiasis, leishmaniasis and filariasis (37) . The use of Sb-K-tartrate has been reported in the treatment of Mycosis fungoides (106).
Antimony (Sb)

Arsenic (As)
In Unani medicine as preparations (KUSHTA SUMUL FAR and KUSHTA SANKHYA) are used in the treatment of chronic cough, asthma and tuberculosis (106) . Some As derivatives of thiazole and thiazolidine are reported to exhibit amoebicidal activity (54) . Experimental studies indicate depressant effect of arsenicals on spontaneous and histamine induced eosinophil grannulopoisis (114) .
Barium (Ba)
Singh et al (90) studied the effect of a large number of inorganic and organic compounds on the alkaline phosphatase activation of Salmonella typhi. It was activated by Ba ions. A study on serum concentration of trace elements in 17 acutely ill patients of Legionnaires disease revealed no significant change for this element (27) .
Beryllium (Be)
Alkaline phosphatase activity of S. typhi is reported to be inhibited by Beions (90).
Bismuth (Bi)
Earlier Bi compounds were of major importance as chemotherapeutic agents for the treatment of syphilis (30) but such use has now become obsolete.
Bromine (Br)
Radioactive bromide (82Br) partition test is extensively used in the diagnois of tubercular meningitis (3, 14, 21) . No change of serum Br. Concentration was observed in a study on patients with acute Legionnaire's disease (27) .
Cadmium (Cd)
Alkaline phosphatase activity of S.typhi is inhibited by Cd ions (90).
Calcium (Ca)
The bacteriooidal power of serum as well as endotoxin components are affected by the levels of Ca and other metallic ions e.g. synthesis of specific factors of virulence in the plague bacillus (Yersinia pestis) is affected by the levels of these ions. A recent hypothesis points out that subtle alterations, in the metallic ion environment (e.g. Ca, Mg, Se, etc.) may trip the balance in favour of the host or the plague bacillus, particularly in an endemic area (79) . Changes in Ca ion levels of serum and other body fluids have been observed in many infectious diseases e.g ionized hypoglycaemia in critically ill patients with sepsis (103) , leprosy of all types except tuberculoid leprosy and tubercular meningitis. The changes in latter were more pronounced in serum than those in the cerebrospinal fluid (60, 74) . Serum Ca levels were, however, found to be normal in respiratory infections in children (89) . Low serum Ca levels in leprosy are attributed to its increased urinary excretion proportional to the severity of disease. Dietary intake of Ca in leprosy patients was found to be more than that in the average Indian diet (72) . Positive Ca balance has also been observed in tuberculosis (69) .
Calcium plays an important role in the formation of urinary calculi. Fowler (35) reported persistent Pseudomonas bacteriruia in a case of retroperitoneal struvite calculus, Singh and co-workers (90) observed increase in alkaline phosphatase activity of S.typhi by Ca ions, Interaction of tetracycline occurs with bivalent cations (e.g. Ca and Mg) forming poorly soluble chelates, Jaykumar and associates (47) however, found no reduction in antibacterial activity to contraindicate their concurrent or mixed use in veterinary practice.
Cesium (Ca)
Immuno-suppression patients with cancer undergoing 137 Cs therapy has been reported (85).
Chlorine (Cl)
Chlorine is effective at extremely low concentrations (0.0002%) for germicidal and anti-septic actions (30) . Higher chloride concentrations have been reported in the sweat of children suffering from recurrent bronchitis (45) as also adult patients with non-tuberculous chest diseases (46) as compared to the control subjects of similar age. Kuldeep and Grewal (59) found no relation between the chloride level of the fluid and the etiology of pleural effusions.
Chromium (Cr)
Rae (78) found no effect of Cr on ability of human polymorph nuclear leucocytes (PMN) to phagocytose and kill Staphylococcus epidermis on exposure of the cells in vitro to its various subtoxic concentrations.
An association between lepromatous leprosy and allergic contact dermatitis due to Cr was confirmed clinically and biologically in a male patient (48) . Passive hemagglutination assay for antibodies to Peudomonas aeruginosa endotoxin utilizes chromic chloride treated ovine erythrocytes with purified toxin (75).
Cobalt (Co)
Infection after total joint arthroplasty is a serious clinical complication.
The accumulation of metallic wear and corrosion products may cause a localized reduction in the defence process. This hypothesis was tested by Rae (78) who exposed human polymorphnuclear leucocytes in vitro to various concentrations of some trace elements. It was found that Co (0.01 micro mol. mt -1 18 hr) reduced the number of bacteria phogocytosed by about 50%. The rate at which the bacteria (S. epidermis) was killed remained unaffected. Cobalt ions are reported to inhibit the alkaline phosphates activity of S. typhi (90) .
There are some reports of the use of Co preparations in Syphilis (5) and with isoniazid in tuberculosis.
It increased transaminase inhibitory effect of isoniazid by getting incorporated into the structure of the preparation (96). Chaturvedi et al (26) synthesized Co complex of sulphadiamethoxine with potent antibacterial activity.
Copper (Cu)
Increased serum | plasma levels of ceruloplasmin are a characteristic feature of most infectious diseases (12) e.g. acute viral hepatitis (43, 58, 77, 106) , thalassaemia, pulmonary tuberculosis (16, 17, 51, 58, 77) , leprosy (39, 104) , schistosomiasis (67) , legionellosis (41), etc. Other body fluids and excretions also exhibit elevated Cu concentrations e.g. CSF in pyogenic, viral and tubercular meningoencephalitis (74) , pleural fluid in tubercular pleural effusions (23) , and urine in acute viral hepatitis (43) . In T.B. patients, elevated serum levels of Cu are usually accompanied by depressed serum Zn levels i.e. there is a rise in Cu: Zn ration. In a study on patients of pulmonary tuberculosis, 87% cases had plasma Cu : Zn ration above 2.00 and 94% case had whole blood Cu : Zn ration above 0.20. None of the controls had plasma Cu : Zn ratio above 0.20 (17) .
In Unani medicine Cu preparations are used for the treatment of gonorrhoea and syphilis (106) . Copper sulphate possesses fungicidal properties (77) . The element potentiates the effect of isoniazid in tuberculosis (96) . Chaturvedi and coworkers (26) synthesized and studied the antibacterial activity of some metallic (Ag, Co, Cu, Ni) complexes of sulphadimethoxine. Among these the Cu complex was found to be significantly more active against (Escrechea coli, Salmonella typhi, Staphylococous aureus, Proteusvulgaris and Pseudomonas aeruginosa. Alkaline phosphatase activity of S.typhi is inhibited by Cu ions (90).
Germanium (Ge)
In vitro antifungal and anti-bacterial activity of aryl-Ge compounds has been reported (99).
Gold (Au)
Observation by Robert Koch in 1980 that Au inhibited Mycabacterium tuberculosis in vitro led to its trials in many diseases including tuberculosis without notable success (30, 37, 108 There was no radiological deterioration in any case, hepatitis in one case and minor toxic reaction in other cases. The authors stated that Au presents a new hope for such cases even in the present era and felt enough justification for its use with conventional anti-tubercular drugs in previously untreated cases.
Hydrogen (H)
Hydrogen ion concentration of the expressed prostatic secretion (EPS) of most normal men in alkaline (mean pH 7.31). In prostatic infections it increases markedly (mean pH 8.34). The pH plays an important role in diffusion of drugs prescribed for prostitis (32).
Iodine (I)
Iodine solutions and tincture are used for the treatment of minor wounds and abrasions and also for degermination of hands and arms of the surgical team, catheters, and operative sites. Iodophores are also used as antiseptic dressing agents. These cause less pain but their efficacy as skin disinfectants is considerably less than that of 10% I in 70% ethanol (30, 37, 62, 93) .
The therapeutic use of I in syphilis is only of historical interest now (50).
Iron (Fe)
Malnutrition (two prominent examples are protein calorie malnutrition and Fe deficiency anaemia) and infection are known to be closely linked, one promoting the other.
In Fe deficiency anaemia susceptibility to infection is markedly increased and host defence mechanisms are altered in severe cases: (a) Bactericidal activity of leucocytes and CMI response is affected when hemoglobin level falls below 10g|dl (b) Serum compliment activity is reduced (10, 80 (61) studied pattern of Fe changes from retrospective study of 33 patients with acute and chronic infection and compared these with patterns of alterations from 74 patients with conditions of aspetic inflammation e.g. simple fractures and reaction of TAB vaccine. They observed reduction in serum Fe levels as early as the first day of infection which continued as long as the infection persisted. Significant differences were observed in acute and chronic infections in two respects (a): hypoferraemia of acute infections was not accompanied by reduction in serum unsaturated iron binding capacity (UIBC) and (b) significant correlation between degree of hypoferraemia and severity of infection was observed only in acute infection. This indicates that the mechanism of hypoferaemia in two phases may not be the same. It was further observed that the degree of fall in serum Fe levels in acute infections was greater than that in asceptic inflammation.
Following Fe therapy immune responses are restored.
Oral administration of ferrous ammonium sulphate ( 5 -10 ppm with diet) increased serum gamma globulin levels and antibody titer in rabbits immunised with S.typhosa antigen (46, 80) .
Epidemiological evidence regarding links between Fe deficiency anaemia and infection is conflicting. Anaemic children are reported to be more prone to respiratory infection. A study of rural community Fe supplementation programme in pre-school children in Hyderabad, however, revealed that through the hemoglobin levels showed improvement, no significant change in the morbidity pattern was discernible. Probably the role of anaemia is masked by high rate of infection (80) .
Hypoferraemia is a characteristic feature of leprosy. Rising bacterial load in leprosy patients with progress of diseases leads to: iii. UIBC (in some cases; the values are normal in others).
No significant difference was observed in serum Fe levels in relation to the disease and treatment status (52, 53, 105) . Decline in serum Fe and Zn is one of the most rapid host metabolic, response to infection. The details are discussed under Zn.
Lead (Pb)
It interacts with several essential elements (particularly Ca and Fe) and inhibits nearly all enzymatic steps in heme synthesis. Iron uptake and utilization is inhibited. It may, thus, have an indirect effect in infection (29, 38) . In a study of serum trace element concentrations in Legionaries disease, no significant differences were observed for this element from corresponding levels in control subjects (27) .
Magnesium (Mg)
Serum | CSF Mg levels are significantly lowered in patients with pyogenic, viral and tubercular meniongo-encephalitis. Serum pool was more intensely affected thatn the CSF pool and the changes were more marked in patients with coma than in conscious patients. The values gradually rise as recovery proceeds. These estimations have been suggested as a possible index for prognosis and treatment of tubercular meningitis (2, 9, 73, 74, 76) . It is, however, not possible to differentiate between tubercular and pyrogenic meningitis by Mg estimations alone (76) .
Hypomagnesaemia is reported in other infectious disease e.g. all types of leprosy including tuberculoid and sepromatous types (71, 92) , cholera (31) and tetanus (70) . In viral hepatitis, however, a significant rise in serum Mg with simultaneous increase in its 24 hour urinary excretion is observed (56, 91) . Serum Mg levels remain normal in non-suppurative hepatic amoebiasis (NSHA) Hypermagnesaemia, roughly proportional to the extent of liver damage is noted in majority (86%) of patients with amoebic liver abscess (ALA). Serum Mg estimations help in different diagnosis of NSHA and ALA while conventional liver function tests fail to differentiate between these two. Magnesium values may also prove useful in diagnosing occult liver abscess or an abscess in formative stages (83).
Manganese (Mn)
Respiratory manifestations of excess Mn are repeated bronchitis, dry pleurisy, acute pneumonia, chronic emphycema and pulmonary tuberculosis (8, 113) . Alkaline phosphatase activity of S.typhi is inhibited by Mn ions (90).
Mercury (Hg)
Inorganic salts as well as organic Hg compounds have been used as antiseptics, preservatives, parasiticidal and fungicidal agents. Earlier use of Hg compounds in syphilis has been discontinued (37).
Chatterjee et al (25) found significantly higher incidence of Hg resistance in hospital strains of Staphylococcu pyogenes they observed a significant correlation between Hg resistance and antibiotic resistance in many phage types.
Nickel (Ni)
Anke et al (7) stated that life expectancy is significantly decreased by Ni deficiency. The element constitutes a part of bacterial unease and carbonmonoxide dehydrogenase enzymes and renders its influence on vertebrates and intestinal flora. Nickel (0.05 micromol ml -1 is 18 hrs) has been reported to reduce the number of bacteria phogocytosed by about 50% and thereby cause of reduction in the defence process against post-joint-arthroplasty infection (78). Singh et al (90) stated that alkaline phosphatase activity of S. typhi is inhibited by Ni ions.
Chaturvedi et al (20) synthesized Ni complexes of sulphur diamethoxine with more potent antibacterial activity than the base drug.
Nitrogen (N)
Negative N balance occurs in all stressful situations including infectious fevers (112) and leprosy (72) Dietary intake of N (and proteins) and its 24 hours urinary excretion was found to be more in leprosy patients than that in the average Indian diet (68, 72) . Large positive N balance has been reported in 8 cases of tuberculosis by Narasingarao and Gopalan (69) . The authors remarked that body weight changes sometimes offer misleading indication of N-retention. The protein requirement in these patients is high (not less than 100 g | day) and if there is positive N balance, it indicates good prognosis.
Oxygen (O)
Barua and Ghosh (11) found higher coefficient of 0 utilization in tetanus patients (38.20 ± 6.56%) as compared to that in control subjects (26.54 ± 0.73%). Some reports are available on the treatment of Ascariasis with intragastric 0 and comparative efficacy of this method with conventional anthelmintic therapy (108 -111).
Phosphorus (P)
Low serum phosphate levels are seen in septicaemia (more likely in gram negative than in gram positive infection) (8) . Higher dietary P intake has been recorded in leprosy patients as compared to the diet of normal subjects (72).
Potassium (K)
Hyperkalaemia per se is a general feature in acute illness (101) . Significant elevation in serum K levels was observed in acute respiratory infections, pulmonary tuberculosis, abdominal koch and infectious hepatitis. This has been attributed to the excessive degradation of cellular proteins and associated loss of intra-cellular fluid: K being major action (89, 100). Kumar and co-workers (60) studied plasma and C.S.F. electrolytes in tubercular meningitis and found no change for K concentrations in this diseaseSever hypokalaemia (2.6 mg Eq|1) has been reported in a patient receiving Viomycin for pulmonary tuberculosis.
Experimental studies in rats indicate it to be renal tubular damage caused by the drug (84).
Selenium (Se)
Levels of Se (and some other metallic ions) play an important role in the defence mechanism of animals to infectious disease. In plague bacillus infection, for example, subtle alterations of the metallic ion environment may tip the balance in favour of the host or the organism, particularly in an endemic area (79) . In a study on 17 acutely ill patients with Legionnaires disease, serum Se levels were found to be significantly lower than in their matching convalescent phase serum. No changes were, however, observed in serum Se concentrations in pneumonia cases (27) .
Silicon (Si)
Silicosis occurs from inhalation of crystalline Si e.g. in Japanese workers dealing in TONOKO -a mineral powder and is characterized by fibrous nodules in lungs. The disease requires about 10 -15 years to develop. In advanced stages about 50% cases get tubercular infection (55, 77, 94, 106) . It is interesting to note that in Unani medicine ABRAK (Mica) preparations are used for the treatment of respiratory ailments like cough, asthma, tuberculosis etc. though chemically Mica is chiefly the silicate of Al (19, 106) . Use of Si coated catheters in Urinary ailments (66) and earplugs for protection from waterborne infections (49) has also been reported.
Silver (Ag)
The element is capable of interacting with essential metabolic activities in bacterial cells and so is used for local antiseptic | germicidal effects (cauterization of wounds, granulation tissue and warts, burns, ophthalmic solutions, gonococci, etc). Distilled water becomes markedly bactericidal after contact with metallic Ag though the concentration reaches only 1 to 20 million parts. Silver nitrate is highly germicidal, destroying most organisms at a concentration of 1 in 1000. Higher dilutions are bacteriostatic. This salt is, however, toxic to tissue cells are bactericidal concentrations (37) . In a study by Agarwal and co-workers (1), 0.5% aqueous solution of Ag was found to be much better antibacterial agent than Soframycin in controlling infection of burn wounds. Chaturvedi et al (26) synthesized Ag complex of sulphadimethoxine with more potent antibacterial activity than the base drug.
Sodium (Na)
Significantly low serum Na levels are reported in infective hepatitis, acute, respiratory infections, pulmonary tuberculosis, tubercular meningitis and abdominal Koch (62, 89, 100) . Besides plasma, C.S.F. -Na concentrations are also depressed in tubercular meningitis. The values show a steady rise with treatment (62).
Strontium (Sr)
Alkaline phosphates activity of S.typhi is enhanced by Sr ions (90). Sahu and Jena (82) used strontium bromide in 21 cases of filarial eczema and lymphangitis and 13 reactional cases of leprosy. They reported good response in 5 cases of acute lymphangitis of recent origin on a short course of the drug and satisfactory response in 7 cases of eczematous conditions over fixed lymphadematous skin on prolonged treatment. Satisfactory response was also observed in leprosy lepra reaction and erythema laproseum.
The response in tubercular leprosy was described as 'not so unsatisfactory'.
Sulphur (S)
Sulphur-containing amino acids play an important role in detoxification mechanisms of the body. Choline supplementation is reported to have a distinct sparing action on N, P and S (34, 81) . The element is used in germicidal, fungicidal and parasiticidal preparations (37, 98) . In Indian systems of medicine (Ayurveda and Unani) the use of S preparations has also been described in respiratory infections and tuberculosis (106) . The use of Sulphones for the treatment of leprosy is well known (37).
Technetium (Tc)
The integrity of the blood-brain barrier may be reflected by the periodic analysis of the samples from the two compartments. Broker and Da Costa (18) studied the frequency with which 99 m Tc-sodium entered in C.S.F. to an abnormal extent in infection. In 23 patients with active C.N.S. tuberculosis, the mean plasma; C.S.F. pertechnetate ration was found to be 32.12, against 144.63 in 28 non-tuberculosis subjects.
Tin (Sn)
Srivastava et al (99) reported antifungal and anti-bacterial activity in aryltin compounds.
Zinc (Zn)
There are numerous reports of increased urinary excretion and decreased plasma levels of Zn in various infections diseases e.g. pulmonary tuberculosis (16, 17, 40, 51, 57, 86) , leprosy (4, 87) , viral hepatitis (43, 77) , typhoid (77) , legionelosis (41) , schistosomiasis (67) , syphilis (77) , bacterial prostitis (33), biliary tract infection (102), post operative sepsis (44) etc. Golden and Golden (36) , however, observed that infection was not necessarily associated with hypo-zincaemia.
Significantly higher whole blood Cu: Zn rations have been reported in T.B. patients as compared to those in control subjects (16) . Potential usefulness of Cu:Zn ration studies for monitoring response to chemotheraphy in T.B. and typhoid has been suggested (15) . Analysis of serum Cu and Zn concentrations in 108 individuals revealed that the C.S.F pool was more intensely alerted in patients with pyrogenic, viral and tubercular meningoencephalitis (74) .
Skin concentrations are highly elevated in leprosy (88) .
In a recent study on infection prone children with sickle cell disease, higher incidence of infection was noted in Zn deficient cases. Observation of higher percentage of neutrophils with less bactericidal activity in many children suggested that Zn might play a role in the formation, release and activity of neutrophils (24) . This is a purposeful physiological event which serves as a host defence mechanism. Redistribution may influence the stability of cellular membranns augment the functional ability of phagocyte cells and certain classes of lymphocytes, aid in the synthesis of nucleic acids and proteins and contribute to the production of various Zn metalloenzymes. LEM is probably the key factor in Zn homestasis during infection (13, 15) .
Beisel (13) stated that Zn therapy has not been shown experimentally to produce a beneficial effect in any infectious disease studied in animal models. Therapeutic use of oral Zn salts has, however, been reported for the treatment of leprosy (64, 65, 104) and recurrent frunculosis.
The use of adhesive Zn tape has been described for the treatment of leprosy wounds (95) . Extirpation of a nidus of infection with tetanus bacilli by chemosurgery using Zn has also been reported (28 6. Antiseptic, germicidal, fungicidal and parasiticidal properties are seen in Ag, Cl, Hg, I, S, Sn, etc. metallic complexes with potent anti-infective actions have been synthesized using Ag, Co, Cu, Ge, and Ni. The process of phagocytosis by PMN leucocytes has been shown to be stimulated by Zn and inhibited by Co and Ni. Therapeutic use of elements has been described in many infectious diseases e.g amoebiasis (As, Bi), ascariasis (O), eczema, filariasis (Srbromide), gonorrhoea (Cu), leishmaniasis (Sb), leprosy (S, Sr, Zn), lymphangitis (Sr-bromide), mycosis fungoides (Cu, Sb), recurrent frunculosis (Zn), schistosomiasis (Sb), syphilis (Bi, Co, Cu, Hg, I), tetanus (Zn), tuberculosis (Al, As, Au, Co, Hg, S) etc. The remedies in many cases, are obsolete and are of historical interest only. Metallic preparations of Ayurvedic and Unani systems of medicine (BHASMA and KUSHTEJAT) with claims of efficacy need to be studied experimentally and clinically. 
